Abstract. Dominques et al. in their recent article described how low-cost sensors, such as Microsoft Kinect could be utilized for the measurement of various anthropometric measures. With the recent advances in sensors and sensor based technology, along with the rapid advancement in E-health, Microsoft Kinect has been increasingly recognized by researchers and bioengineers to be a low-cost sensor that could help in the collation of various measurements and various data. A recent systematic review done by Da Gama et al. (2015) have looked into the potential of Kinect in terms of motor rehabilitation. The systematic review highlighted the tremendous potential of the sensors and has clearly stated that there is a need for further studies evaluating its potential for rehabilitation. Zhang et al. (2015) in their recent article have advocated several reasons as to why biosensors are pertinent for stroke rehabilitation. Of note, recent studies done by the World Health Organization have highlighted that stroke is a growing epidemic. Aside to the utilization of smartphone based sensors for stroke rehabilitation, as proposed by Zhang et al. (2015) , researchers have also investigated the use of other low cost alternatives, such as Kinect, to facilitate the rehabilitation of stroke survivors. Whilst it may seemed like that has been quite extensive evaluation of the Kinect sensor for stroke rehabilitation, one core area that bio-engineers and researchers have not looked into is that of the psychiatric and mental health issues that might at times arise following a stroke. It is thus the aim of this letter to address how such a sensor could be tapped upon for psychiatric rehabilitation amongst stroke survivors. To this end, the authors have thus conceptualized a game that could help in the cognitive remediation for stroke survivors using low cost Kinect sensors.
Dominques et al. [1] in their recent article described how low-cost sensors, such as Microsoft Kinect, could be utilized for the measurement of various anthropometric measures. The authors proposed a methodology by which the sensor could be utilized for such measurement and highlighted that the information derived from the sensors are comparable to the ones derived from conventional measurement systems [1] . With the recent advances in sensors and sensor based technology, along with the rapid advancement in E-health, Microsoft Kinect has been increasingly recognized by researchers and bioengineers to be a low-cost sensor that could help in the collation of various measurements and various data. This sensor has been recognized as being of use for the accurate determination of body motion [2] , and this would have a consequential utilization for sport analysis [2] . The same sensor has been proposed to be also capable of being used for head pose estimation and might help in bio-systems involving facial recognition as well as yawn detection [3] . A recent systematic review done by Da Gama et al. [4] have looked into the potential of Kinect in terms of motor rehabilitation. Based on the previously published systematic review, which looked at a cumulative total of 31 articles, there were a total of at least 13 articles that focused on the development and implementation of the sensor for rehabilitation. The systematic review highlighted the tremendous potential of the sensors and has clearly stated that there is a need for further studies evaluating its potential for rehabilitation.
Zhang et al. [5] , in their recent article have advocated how sensors in the smartphone could potentially be tapped onto and be used for Stroke rehabilitation, instead of the need for there to have new biosensors, which will be costly for patients to own. Zhang et al. [5] in their article have advocated several reasons as to why biosensors are pertinent for stroke rehabilitation. Of note, recent studies done by the World Health Organization have highlighted that stroke is a growing epidemic [6] . In addition, stroke survivors tend to face much disability as the condition in itself would affect their general mental health well being due to functional losses as well as their quality of life, as they now are dependent on others to clear for them. Aside to the utilization of smartphone based sensors for stroke rehabilitation, as proposed by Zhang et al. [5] , researchers have also investigated the use of other low cost alternatives to facilitate the rehabilitation of stroke survivors. Mintal et al. [7] have described how they have managed to make use of C# language as well as WPF technology in the creation of an application for movement therapy. Mobini et al. [8] have described how they have tapped onto the Kinect sensor for the accurate evaluation of the upper body recovery of stroke patients. Whilst it may seemed like that has been quite extensive evaluation of the Kinect sensor for stroke rehabilitation, one core area that bio-engineers and researchers have not looked into is that of the psychiatric and mental health issues that might at times arise following a stroke. Oliveria et al. [9] in their recent article highlighted the association between a right hemispheric stroke and the resultant cognitive and memory deficits. It is believed that those with a right hemispheric stroke and signs of depression do have impaired performance across a multitude of cognitive domains. Other prior studies have highlighted that as many as 74% of individuals with cortical stroke and as many as 46% of individuals with subcortical stroke suffer from cognitive and memory deficits [10] . As the resultant cognitive impairment has a impact on the functional recovery after a stroke [10] , cognitive training has been recommended for most stroke survivors. With the advances in technology, to date, this could be done using various software programs [10] . The core exercises that are routinely done in cognitive training include that of time orientation, spatial orientation, visual attention, logical reasoning, memory and executive functioning exercises.
As discussed previously, much of the work involving the low cost sensor (Kinect) has been largely focused on physical and motor rehabilitation. To this end, the authors have thus conceptualized a game that could help in the cognitive remediation for stroke survivors using low cost sensors. The cost of a Kinect sensor is estimated to be around USD 160 dollars. The game that the authors have conceptualized is made available on the Windows platform. Most of the current intervention that have been developed would still require the user to purchase the gaming console, which would add on to the cost of the biosensor in itself. In our conceptualization, all the stroke survivor has to do is to purchase the Kinect sensor and get it connected to their existing computer. Instead of relying on the SDK (Software Development Kit) provided by Microsoft for developers, the authors have made of a cross-platform gaming development kit, Unity 3D [11] . By doing so, the game that is developed could also run on other operating systems as well. The memory game that is developed seeks to address various cognitive issues, in particular that of spatial orientation, as well as memory and executive functioning. In addition, through the usage of the sensor, while the stroke survivor is doing tasks to help in cognitive remediation, he is to some extent also engaging in tasks that facilitate physical rehabilitation. In our conceptualization, the stroke survivor would need to move his or her thumb to move the respective cards. By doing so, the authors hope that this would enable them to be re-trained with regards to spatial orientation, as well as enable them to recognize and remember the positions of the cards. The stroke survivor would score a point only if they are able to match the right cards together. To some extent, stroke survivors would have to rely on visual memory and attention as well, as they need to avoid the different cards, which are meant to be distractors.
In conclusion, the Kinect sensor has been extensively evaluated in current literature, which support its usage in physical rehabilitation and the assessment of gait and postures. While the smartphone sensors could be tapped upon as well for stroke physical rehabilitation, it is of importance for researchers to recognize that the Kinect sensor could also be particularly useful for stroke survivors in terms of rehabilitation. Most studies have focused largely on the usage of Kinect sensors for physical rehabilitation, but it is essential to note that stroke survivors do also have associated psychiatric comorbidities. It is thus the aim of this letter to address how such a sensor could be tapped upon for psychiatric rehabilitation amongst stroke survivors.
